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Abstract 
Transparent conducting oxides (TCOs) have been well known in the form of undoped single cation oxides such as 
SnO2 and In2O3. These are degenerate semiconductors which are simultaneously transparent and highly conductive, 
useful in many optical and electrical device developments. Starting from 1990s, however, multication TCOs began to 
develop. Since then new TCOs are being reported with increasing frequency as their technological interest and 
importance increased in various fields of technological development. In this paper, we have attempted to use 
magnesium tin oxide as new TCO which possess more than 80% of transmittance for a 320 nm film. The precursor of 
magnesium tin alloy was prepared through a new way called “protective flux route” method. Magnesium tin oxide 
thin films were prepared by electron beam evaporation technique. The coated film was then annealed to get oxide 
layer and hence magnesium tin oxide thin films. Their structural analysis, optical studies, electrical properties and 
surface morphology were studied using XRD, UV-Vis-NIR, linear four probe resistivity and SEM, respectively. 
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1. Introduction 
The direct conversion of solar energy into electrical energy by photovoltaic solar cells has been studied 
for over 30 years [1, 2]. However we are still far from making these sources cost-effective. Photovoltaic 
(PV) solar energy conversions offer one of the few ways of producing electricity in urban areas which is 
free from emissions and noise. Thin film photovoltaic technologies are being considered as a means of 
substantially reducing the cost of PV systems. The rationale for this is that thin film solar cells are 
expected to be cheaper to manufacture, owing to their reduced material, handling and capital costs [3]. 
Starting from 1990s, however, multication TCOs began to be developed in Japan and at the Bell 
laboratories [4, 5]. Since then new TCOs are being reported. The mobility of charge carriers in TCO film 
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plays a vital role. Regarding the electrical and optical properties, improving either one worsens the other 
one [6]. 
 
The alkali earth stannates have recently been studied as potential electronic ceramics, such as 
thermally stable capacitors with low permittivity and small loss tangent. Magnesium stannate has been a 
good candidate for a wide range of applications at high temperature and high frequencies. The behaviour 
of magnesium metastannate (MgSnO3) and magnesium orthostannate (Mg2SnO4) is totally different from 
the corresponding Ca, Sr and Ba counterparts. MgSnO3 is unstable and disproportionate to Mg2SnO4 and 
tin oxide at high temperature [7]. Relatively limited amount of research is available on the sintering 
behaviour of Mg-Sn-O system [8]. The recent and most useful application of magnesium tin stannate is 
solar energy conversion, in which they serve as transparent protective coatings as well as terminals to 
make connectors. In order to prepare the magnesium stannate films, the precursor has been synthesised by 
various techniques such as conventional solid state reaction, self heat sustained reaction, etc. High phase 
purity of Mg2SnO4 was prepared from metallic precursors using powder metallurgy route [9]. Huang et 
al. [10] reported that the magnesium tin composite oxides (MgSnO3) have been prepared by heating 
MgSn(OH)6 precursor. During the heat treatment, the crystallites of the MgSnO3 products grow gradually 
with temperature and finally decompose into SnO2 and MgO. 
 
In this paper, we report the structural and morphological properties of magnesium tin oxide thin films 
prepared using pre-synthesised magnesium tin alloy (Mg2Sn) precursor by electron beam evaporation 
technique. The as-deposited films were further annealed at 400 ºC for 3 and 5 hrs in air. 
2. Experimental procedure 
2.1. Synthesis of precursor 
The precursor of magnesium tin alloy was synthesised by the “protective flux route” method. The flux 
mixture of MgCl and KCl was taken in silica crucible and heated till the mixture melts. Later on, the 
metal turnings of magnesium and tin were added individually into the molten mixture. The magnesium 
and potassium chlorides were acted as flux to prevent the oxidation of magnesium and tin and further 
together to form the magnesium tin alloy (Mg2Sn) precursor. The reaction temperature is maintained at 
900 ºC for 3 hrs. The molten metal mixtures were stirred using ladles at regular intervals. 
2.2. Preparation of thin film 
Thin films of magnesium tin oxide were prepared at room temperature using magnesium tin alloy 
precursor by electron beam evaporation technique. The films were deposited on glass substrates at the 
pressure of about 1×10-5 mbar. Later on, the as-deposited films were annealed at 400 ºC for 3 and 5 hrs in 
air. The thicknesses of the films were measured using stylus profilometer and they were found to increase 
due to annealing. The thickness of the as-deposited films was found to be 0.19 μm and 0.22 μm and after 
annealing it was found to be 0.27 μm and 0.32 μm. 
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3. Results and discussion  
3.1.  TG/DTA 
The synthesised precursor materials were analysed using TG/DTA to study their thermal properties. 
Figure 1 shows the TG/DTA curve of the precursor. There is no weight loss observed from the TG curve. 
In DTA curve, a sharp endothermic peak at about 230 ºC was observed, which shows the decomposition 
of magnesium tin to magnesium tin oxide. Further, the observed small exothermic peak at about 520 ºC 
was corresponding to the phase transformation. 
 
 
Fig. 1. TG/DTA curve of the precursor 
3.2. Structural properties 
Figure 2 shows the XRD pattern of as-synthesised magnesium tin alloy precursor by “protective flux 
route” method. The observed peaks agree well with the hexagonal phase of Mg2Sn (JCPDS No. 33-0866). 
Figure 3 shows the XRD pattern of as-deposited and annealed magnesium tin oxide thin films. The films 
were found to have very high adherence and smooth and uniform surfaces. The as-deposited films are 
amorphous in nature. This is due to the fact that the crystallisation is not initiated. On the other hand, the 
films turned to crystalline nature when annealed at 400 ºC for 3 and 5 hrs. The annealed samples 
crystallised in rhombohedral structure and it coincided with the JCPDS card 30-0798. The peaks 
corresponding to MgO2 and SnO also exist in the XRD pattern. When the annealing time is increased to 5 
hrs, the formation of Mg2SnO4 phase occurs. This is because MgSnO3 is highly unstable at higher temper-
ature and it will disproportionate to Mg2SnO4 phase [7]. The existence of SnO and MgO2 peaks in both 
the patterns is due to their high stability at higher temperature. The evaluated lattice parameter values are 
a = 5.2695 Å and c = 13.869 Å, which are in good agreement with the standard values. The crystallite size 
was found to be 24 nm and 21 nm for the film annealed at 400 ºC for 3 and 5 hrs, respectively. 
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Fig. 2. XRD pattern of the precursor 
 
 
Fig. 3. XRD pattern of the deposited film 
3.3. Optical studies 
The optical properties of the films were studied using an UV-Vis-NIR spectrophotometer. The 
obtained films were highly transparent. Figure 4 shows the transmittance graph for the as-deposited and 
annealed films. The maximum percentage of transmittance for the as-deposited films in the visible region 
is about 60%, which increases further in the near-IR region. It can also be seen from Fig. 4 that the 
annealed magnesium tin oxide films possess higher transmittance in the visible and IR regions than the 
as-deposited films. Since the transmittance is above 80%, magnesium tin oxide can be used as a 
replacement of indium tin oxide, which is very expensive. The direct energy bandgaps of the films were 
calculated using Tauc relation [11] and found to be 3.10 eV, 3.21 eV and 3.35 eV for the as-deposited and 
annealed films at 400 ºC for 3 hrs and 5 hrs, respectively. The value of the energy bandgap is found to 
increase with increasing annealing time (see Fig. 5). 
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Fig. 4. Transmittance of magnesium tin oxide film 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Tauc plot of magnesium tin oxide film 
3.4. Resistivity measurement 
 Resistivity of the MgSnO3 thin films were measured using linear four probe resistivity method. The 
resistivity was found to increase with the increase in annealing time. It was found to be 0.0017 Ωcm and 
0.0020 Ωcm for the films annealed at 400 ºC for 3 and 5 hrs, respectively. It shows that when the 
temperature is given for longer duration, its band gap is widened which leads to the increase in resistivity. 
This is observed by the value of the energy bandgap from optical studies where the energy bandgap is 
increased for the film annealed at 400 ºC for 5 hrs when compared to 3 hrs. 
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3.5. Surface morphology studies 
Surface morphology of the films was studied using scanning electron microscope. The as-deposited 
films were amorphous in nature (there were no grains anywhere in the sample). The film annealed at 400 
ºC for 3 hrs shows uniform surface with closely packed spherical grains all over the substrate. This shows 
the crystalline nature of the film. When the annealing time is increased to 5 hrs, bigger spherical and 
ellipsoidal grains were observed which shows the better crystalline nature and increased grain boundaries. 
 
          
                             (a)                                                            (b)                                                         (c) 
Fig. 6. SEM photographs of the magnesium tin oxide film: (a) as-deposited; (b) 400 ºC for 3 hrs; (c) 400 ºC for 5 hrs. 
4. Conclusion 
Magnesium tin oxide thin films were deposited by electron beam evaporation technique using the 
precursor of magnesium tin alloy synthesised through “protective flux route” method. The as-deposited 
films were amorphous in nature and hence the crystallinity is attained through annealing. It crystallises in 
rhombohedral structure. It has high transparency of about 85%. It has low resistivity of about 0.0017 Ωcm 
and 0.0020 Ωcm for the film annealed at 400 °C for 3 and 5 hrs. Since it is having high transparency and 
low resistivity, it can be suggested as a replacement of indium tin oxide which is very expensive.  
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